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SEMICONDUCTOR DEVICE HAVING DENSELY STACKED SEMICONDUCTOR CHIPS 

5 

Background of the Invention 
Field of the Invention 

The present invention relates to a semiconductor device having 
densely packaged semiconductor chips , in particular of the same size. 

10 Background Art 

Fig. 21 is a sectional view showing a structure of a conventional 
semiconductor device having stacked semiconductor chips. 

A conventional method for the high-density packaging of 
semiconductor chips will be described below. First, on a substrate 

15 lOq provided with conductive layers lOp, the largest chip lp among 
semiconductor chips to be packaged is die-bonded with on-the-chip 
electrodes facing up. Similarly, a semiconductor chip lq smaller than 
the semiconductor chip lp previously bonded is die-bonded on the 
semiconductor chip lp. However, the semiconductor chip to be die- 

20 bonded on the underlying semiconductor chip must always be die-bonded 
on the space where there are no electrodes of the underlying 
semiconductor chip. Next, the electrodes of each of thus stacked 
semiconductor chips lp and lq are electrically connected to conductive 
layers lOp on the substrate lOq using wire bonding. 

25 However, when semiconductor chips of the same size are densely 

mounted by a conventional method, the electrodes of an underlying 
semiconductor chip are always hidden by the die-bonded overlying 
semiconductor chip, and cannot be electrically connected to conductive 
layers on the substrate. 

30 



Summary of the Invention 



Therefore, the object of the present invention is to solve such 
problems of conventional methods, and to provide a semiconductor device 
which enables the high-density packaging of semiconductor chips even 
of the same size. 

5 According to one aspect of the present invention, a semiconductor 

device or a semiconductor device unit comprises a semiconductor chip, 
at least a first electrode formed on the first major surface of the 
semiconductor chip, and at least a second electrode or an insulation 
layer formed on the second major surface opposite to the first major 
10 surface. Further; at least a conductive member is provided for 
connecting the first electrode with the second electrode or the 
insulation layer, and the conductive member is formed along the outer 
circumference of at least a side of the semiconductor chip. 

According to another aspect of the present invention, a 
15 semiconductor device comprises a plurality of the semiconductor device 
units which are stacked each other, and the conductive members are 
connected to each other. 

According to another aspect of the present invention, a 
semiconductor device comprises a plurality of the semiconductor device 
units and a packaging board for mounting the plurality of semiconductor 
device units. The semiconductor device units are placed on the 
packaging board so as to have a predetermined angle to the packaging 
board, and the conductive members of the semiconductor device units 
are connected to the packaging board. 

According to another aspect of the present invention, a 
semiconductor device comprises a plurality of semiconductor chips each 
having electrodes formed on the major surface thereof, and a plurality 
of spacer members each having conductive pattern on the surface thereof . 

The semiconductor chips and the spacer members are stacked 
alternately such that the electrodes of the semiconductor chips are 
electrically connected to the conductive patterns of the spacer members , 
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and the conductive patterns of the spacer members are electrically 
connected to each other. 

Other features and advantages of the invention will be apparent 
from the following description taken in connection with the 
5 accompanying drawings . 

Brief Description of the Drawings 

Fig. 1 is a sectional view showing a structure of a semiconductor 
device according to a First Embodiment of the present invention. 
10 Figs. 2 and 3 are sectional views showing structures of 

semiconductor devices according to a Second Embodiment of the present 
invention. 

Figs. 4 and 5 are sectional views showing structures of 
semiconductor devices according to a Third Embodiment of the present 
15 invention. 

Figs. 6 and 7 are sectional views showing structures of 
semiconductor devices according to a Fourth Embodiment of the present 
invention . 

Figs. 8 through 10 are sectional views showing structures of 
20 semiconductor devices according to a Fifth Embodiment of the present 
invention . 

Figs. 11 through 13 are sectional views showing structures of 
semiconductor devices according to a Sixth Embodiment of the present 
invention . 

25 Fig. 14 is a sectional view showing a structure of a semiconductor 

device according to a Seventh Embodiment of the present invention. 

Fig. 15 is a sectional view showing a structure of a semiconductor 
device according to an Eighth Embodiment of the present invention. 

Fig. 16 is a sectional view showing a structure of a semiconductor 
30 device according to a Ninth Embodiment of the present invention. 
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, Figs. 17 and 18 are sectional views showing the structure of a 

semiconductor device according to a Tenth Embodiment of the present 
invention . 

Figs. 19 and 20 are sectional views showing a structure of a 
5 semiconductor device according to an Eleventh Embodiment of the present 
invention . 

Fig. 21 is a sectional view showing a structure of a conventional 
semiconductor device having stacked semiconductor chips . 

10 Detailed Description of the Preferred Embodiments 

The embodiments of the present invention will be described below 
referring to the drawings. In the drawings , the same or like elements 
are indicated by the same symbols , and the description thereof is 
simplified or omitted. 
15 First Embodiment 

Fig. 1 is a sectional view showing a structure of a semiconductor 
device according to a First Embodiment. 

In Fig. 1, reference numeral 1 indicates a semiconductor chip, 
2 indicates a top-surface electrode (first electrode) formed on the 
20 top surface (first major surface) of the semiconductor chip 1, 3 
indicates a back-surface electrode (second electrode) formed on the 
back surface (second major surface) of the semiconductor chip 1, and 
4 indicates a conductive wire (conductor member) connecting the 
top-surface electrode 2 with the back-surface electrode 3. 
25 The semiconductor device of this embodiment comprises a 

semiconductor chip 1 having electrodes 2 and 3 on the top and back 
surfaces, respectively, in which the top-surface electrode 2 is 
electrically connected with the back-surface electrode 3 by wire 
bonding . 

30 This semiconductor device is produced by bonding an end of the 

conductive wire 4 to the top-surface electrode 2, inverting the 
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semiconductor chip 1 upside down, and bonding the other end of the 
conductive wire 4 to the back-surface electrode 3. 

In the semiconductor device according to this embodiment, as Fig. 
1 shows, first electrodes are formed on the top surface (first major 
5 surface) of a semiconductor chip, second electrodes are formed on the 
back surface (second major surface) opposite to the first major surface, 
and conductive members for connecting the first electrodes with the 
second electrodes are formed along the outer circumference of the sides 
of the semiconductor chip. 

]0 In other words, as Fig. 1 shows, in a semiconductor chip having 

electrodes formed on top and back surfaces, the top-surface electrodes 
are loop-connected with the back-surface electrodes by wire bonding. 

The semiconductor device having such a structure enables 
high-density packaging by stacking even if the semiconductor chips have 

15 the same size. 

Second Embodiment 

Figs. 2 and 3 are sectional views showing structures of 
semiconductor devices according to a Second Embodiment. 

20 In Figs. 2 and 3, reference numeral 5 indicates a conductive clip 

having elasticity for clamping objects, 6 indicates an insulation layer 
provided by a surface insulation treatment, and 7 indicates a 
semiconductor chip having the insulation layer 6. 

One of the semiconductor device of this embodiment comprises a 

25 semiconductor chip 1 having electrodes 2 and 3 on the top and back 
surfaces, respectively, and is provided with conductive clips 5 such 
that an end thereof contacts with the top-surface electrodes 2 and the 
other end contacts with the back-surface electrodes 3, and the 
connection of top- and back-surface electrodes 2 and 3 is retained by 

30 the elasticity thereof as Fig. 2 shows. 
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Alternatively, as Fig. 3 shows, another one of the semiconductor 
device of this embodiment comprises a semiconductor chip 7 having 
top-surface electrodes 2 and an insulation layer 6 insulation-treated 
and formed on the back surface, respectively, and is provided with 
5 conductive clips 5 such that an end thereof contacts with the top- 
surface electrodes 2 and the other end contacts with the insulation 
layer 6, and the holding is retained by the elasticity thereof. 

In other words, one of the semiconductor devices according to this 
embodiment comprises a semiconductor chip 1 provided with electrodes 

10 2 and 3 on the top and back surfaces, respectively, in which the 
top-surface electrode 2 is electrically connected with the back-surface 
electrode 3 by a conductive clip 5 as Fig. 2 shows. Alternatively, 
as Fig. 3 shows, another one of the semiconductor devices of this 
embodiment comprises a semiconductor chip 7 having electrodes 2 

15 provided on the top surface and an insulation layer 6 insulation-treated 
and provided on the back surface, in which the top-surface electrode 
2 and the insulation layer 6 on the back surface are clipped together 
by a conductive clip 5 . 

The semiconductor device having such a structure enables 

20 high-density packaging by stacking even if the semiconductor chips have 
the same size. 

Third Embodiment 

Figs . 4 and 5 are sectional views showing structures of 
25 semiconductor devices according to a Third Embodiment. 

In Figs. 4 and 5, reference numeral 8 indicates a conductive 
material injection-molded over the surfaces of the semiconductor chip 
1. 

One of the semiconductor device according to this embodiment 
30 comprises a semiconductor chip 1 provided with electrodes 2 and 3 on 
the top and back surfaces, respectively, in which a conductive material 



8 is injection-molded over the area from the top-surface electrodes 
2 to the back-surface electrodes 3, as Fig. 4 shows. 

Alternatively, as Fig. 5 shows, the other of the semiconductor 
device of this embodiment comprises a semiconductor chip 7 having 
5 electrodes 2 provided on the top surface and an insulation layer 6 
provided on the back surface, in which a conductive material 8 is formed 
by injection molding or the like method over the area from the 
top-surface electrodes 2 to the insulation layer 6. 

In other words, one of the semiconductor devices according to this 
10 embodiment comprises a semiconductor chip 1 provided with electrodes 
2 and 3 on the top and back surfaces, respectively, in which the 
top-surface electrode 2 is electrically connected with the back-surface 
electrode 3 by injection-molding a conductive material as Fig. 4 shows. 
Alternatively, as Fig. 5 shows, the other of the semiconductor devices 
15 of this embodiment comprises a semiconductor chip 7 having electrodes 
2 provided on the top surface and an insulation layer 6 
insulation-treated and provided on the back surface, in which the 
top-surface electrode 2 and the insulation layer on the back surface 
are covered by injection-molded conductive material. 
20 The semiconductor device having such a structure enables 

high-density packaging by stacking even if the semiconductor chips have 
the same size . 



Fourth Embodiment 

25 Figs. 6 and 7 are sectional views showing structures of 

semiconductor devices according to a Fourth Embodiment. 

In Figs. 6 and 7, reference numeral 1 indicates one of stacked 
semiconductor chips, reference numeral 1' indicates the other of 
stacked semiconductor chips, reference numeral 4 indicates one of 

30 conductive members, and reference numeral 4' indicates the other of 
conductive members. In Fig. 7, reference numeral 2a indicates a first 
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wiring pattern drawn from the top-surface electrode (first electrode) 
2, reference numeral 3a indicates a second wiring pattern drawn from 
the back-surf ace electrode (second electrode) 3, and reference numeral 
23 indicates a bump. A unit comprising a semiconductor chip 1, surface 
5 electrodes 2, 3 or an insulation layer 6, and conductive member 4 is 
named as a semiconductor device unit in this embodiment. 

One of the semiconductor devices of this embodiment is constituted, 
as Fig. 6 shows, by stacking at least two semiconductor chips or 
semiconductor device units described referring to Fig. 1, and by 
10 contacting the conductive wires 4, which is connected to the top-surface 
electrodes 2 of the underlying semiconductor chip 1, with the conductive 
wires 4' , which is connected to the back-surface electrodes 3 of the 
overlying semiconductor chip 1' . The conductive wires 4 and 4' may 
be joined by solder or the like. 
15 Alternatively, as Fig. 7 shows, the semiconductor device of this 

embodiment is constituted, by stacking at least two semiconductor chips 
or semiconductor device units described referring to Fig. 1, and 
connecting the wiring pattern 2a, which extends from the top-surface 
electrodes 2 of the underlying semiconductor chip 1, to the wiring 
20 pattern 3a, which extends from the back-surface electrodes 3 of the 
overlying semiconductor chip 1', by means of a bump 23. 

In other words, one of the stacked semiconductor devices according 
to this embodiment comprises, as Fig. 6 shows, a plurality of stacked 
semiconductor chips 1,1', wherein a semiconductor chips 1' is stacked 
25 on a semiconductor chip 1' . Each of the semiconductor chips 1, 1' has 
top-surface electrodes (first electrodes) 2 on the top surface (first 
major surface), and back-surface electrodes (second electrodes) 3 on 
the back surface (second major surface) opposite to the top surface 
(first major surface) . Each of the semiconductor chips 1, 1' has the 
30 conductive members 4, 4' for connecting the top-surface electrodes 2 
with the back-surface electrodes 3 along the outer circumstance of the 
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sides of the semiconductor chips 1, 1' respectively. The upper 
semiconductor chip 1' is so positioned on the lower semiconductor chip 
1 that the back-surface electrodes 3 of the upper semiconductor chip 
1' faces the top-surface electrodes 2 of the lower semiconductor chip 

5 1. The conductive members 4, 4' of the semiconductor chips 1, 1' 
adjacent to each other are electrically and mechanically connected. 

Another stacked semiconductor device according to this embodiment 
comprises, as Fig. 7 shows, a lower semiconductor chip 1 having a first 
wiring pattern 2a drawn from the top-surface electrodes (first 

10 electrodes) 2, and a upper semiconductor chip 1' having a second wiring 
pattern 3a drawn from the back-surface electrodes (second electrodes) 
3, and a bump 23 is provided between the first wiring pattern 2a and 
the second wiring pattern 3a for electrically connecting the both wiring 
patterns . 

15 Still in other words, one of the stacked semiconductor device of 

this embodiment comprises, as Fig. 6 shows, semiconductor chips 1, 1' 
in the stacked structure. Each of the semiconductor chips 1, 1' has 
electrodes 2, 3 on top and back surfaces, respectively, and the 
top-surface electrodes 2 are loop-connected with back-surface 

20 electrodes 3 by wire bonding of the conductive wires 4, 4' respectively. 
The mutual electrical connection is performed by connecting the 
conductive materials (wires) 4 and 4' . The other of the stacked 
semiconductor device of this embodiment comprises, as Fig. 7 shows, 
the stacked semiconductor chips 1, 1' , in which the mutual electrical 

25 connection is performed by the conductive wires 4 and 4', and by the 
metal bump 23 formed between the wiring patterns 2a and 3a drawn from 
the electrodes 2 and 3 of the lower and upper semiconductor chips 
respectively. 

In this way, a stacked semiconductor device can be produced by 
30 stacking semiconductor chips or semiconductor device units of the same 
size, and electrically connecting upper and lower semiconductor chips. 
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Fif th Embodiment 

Figs. 8 through 10 are sectional views showing structures of 
semiconductor devices according to a Fifth Embodiment. 
5 In Figs. 8 through 10, reference numeral 5 indicates a conductive 

clip, 5' indicates another conductive clip f 7 indicates one of stacked 
semiconductor chips, and 7' indicates the other of stacked 
semiconductor chips. A unit comprising a semiconductor chip 1, surface 
electrodes 2, 3 or an insulation layer 6, and clip 5 is named as a 

10 semiconductor device unit in this embodiment. 

The semiconductor device of this embodiment is constituted, as 
Fig. 8 shows, by stacking at least two semiconductor chips 1, 1' or 
semiconductor device units described referring to Fig. 2, and by 
contacting the conductive clip 5, which is provided on the underlying 

15 semiconductor chip 1, with the conductive clip 5' , which is provided 
on the overlying semiconductor chip 1' . The conductive clips 5 and 
5 f may be metal joined by solder or the like. 

As another example, as Fig. 9 shows, the semiconductor device of 
this embodiment is constituted by stacking at least two semiconductor 

20 chips or semiconductor device units described referring to Fig. 3, and 
by contacting the conductive clip 5 provided on the underlying 
semiconductor chip 7 to the conductive clip 5' provided on the overlying 
semiconductor chip 7' . The conductive clips 5 and 5' maybe metal joined 
by solder or the like. 

25 As a further example, as Fig. 10 shows, the semiconductor device 

of this embodiment is constituted by stacking at least two semiconductor 
chips or semiconductor device units described referring to Fig. 2, and 
by connecting the first wiring pattern 2a, extending from the top- 
surface electrode 2 of the underlying semiconductor chip 1, with the 

30 second wiring pattern 3a extending from the back-surface electrode 3 
of the overlying semiconductor chip 1' using a bump 23. 
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In other words, the stacked semiconductor device of this 
embodiment, as Figs. 8 through 10 show, comprises at least two stacked 
semiconductor chips each having electrodes 2 formed on the top surface 
and electrodes 3 or insulation layers 6 formed on the back surface. 
5 Each of the top-surface electrodes 2 is connected with the back-surface 
electrode 3 or insulation layers 6 using conductive clips 5 or 5' . 
Mutual electrical connection is performed by connecting the conductive 
clips 5 and 5' to each other, or by using the conductive clips 5 and 
5' and a metal bump 23 formed on the wiring patterns 2a and 3a drawn 
10 from electrodes 2 and 3 of the lower and upper semiconductor chips, 
respectively. 

In this way, a stacked semiconductor device can be produced by 
stacking semiconductor chips of the same size, and electrically 
connecting upper and lower semiconductor chips. 

15 

Six tint Embodiment 

Figs. 11 through 13 are sectional views showing structures of 
semiconductor devices according to a Sixth Embodiment . 

In Figs. 11 through 13, reference numeral 8 indicates a conductive 

20 material or conductive layer, and 8' indicates another conductive 
material or conductive layer. A unit comprising a semiconductor chip 
1, surface electrodes 2, 3 or an insulation layer 6, and conductive 
material 8 is named as a semiconductor device unit in this embodiment. 
The semiconductor device of this embodiment is constituted, as 

25 Fig. 11 shows, by stacking at least two semiconductor chips or 
semiconductor device units described referring to Fig. 4, and 
connecting injection-molded conductive materials 8 on the underlying 
semiconductor chip 1 with injection-molded conductive materials 8' on 
the overlying semiconductor chip 1' . 

30 As another example, as Fig. 12 shows, the semiconductor device 

of this embodiment is constituted by stacking at least two semiconductor 
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chips or semiconductor device units described referring to Fig. 5, and 
connecting injection-molded conductive materials 8 on the underlying 
semiconductor chip 7 with injection-molded conductive materials 8' on 
the overlying semiconductor chip 7' . 
5 As a further example, as Fig. 13 shows, the semiconductor device 

of this embodiment is constituted by stacking at least two semiconductor 
chips or semiconductor device units described referring to Fig. 4, and 
connecting the first wiring pattern 2a extending from the top-surface 
electrode 2 of the underlying semiconductor chip 1 with the second 

10 wiring pattern 3a extending from the back-surface electrode 3 of the 
overlying semiconductor chip 1' using a bump 23. 

In other words, the stacked semiconductor device of this 
embodiment, as Figs. 11 through 13 show, comprises at least two 
semiconductor chips each having electrodes 2 and 3 formed on the top 

15 and back surfaces, respectively. Each of the top-surface electrodes 
2 are connected with the back-surface electrodes 3 by injection-molded 
conductive materials 8 and 8' . Alternatively, the back surface is 
insulation-treated, and the top-surface electrodes 2 are connected with 
the insulation layers 6 on the back-surfaces by injection-molded 

20 conductive materials 8 and 8' . The mutual electrical connection is 
performed by connecting the conductive materials 8 and 8' to each other, 
or by using the conductive materials 8 and 8' , and a metal bump 23 formed 
on the wiring patterns 2a and 3a drawn from electrodes 2 and 3 of the 
lower and upper semiconductor chips 1, 1', respectively. 

25 In this way, a stacked semiconductor device can be produced by 

stacking semiconductor chips of the same size, and electrically 
connecting upper and lower semiconductor chips. 

Seventh Embodiment 

30 Fig. 14 is a sectional view showing a structure of a semiconductor 

device according to a Seventh Embodiment. 
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In Fig. 14, reference numeral 9 indicates conductive patterns, 
and 10 indicates a packaging board. A unit comprising a semiconductor 
chip 1, surface electrodes 2 and 3 f and conductive member 4 is named 
as a semiconductor device unit in this embodiment. 
5 The semiconductor device of the present invention is constituted 

by providing conductive wires 4 which electrically connect the 
top-surface electrodes 2 with the back-surface electrodes 3 in the 
semiconductor device unit described referring to Fig. 1 on the one end 
of each of the semiconductor chips 1, placing the semiconductor chips 

10 1 perpendicularly to the packaging board 10 having conductive patterns 
9 provided on the top surface, and electrically connecting and fixing 
the conductive wires 4 with the conductive patterns 9 on the packaging 
board 10 using an adhesive or the like. 

The stacked semiconductor device according to this embodiment 

15 comprises a semiconductor chips 1 having top-surface electrodes (first 
electrodes) 2 on the top surface (first major surface) , and back-surface 
electrodes (second electrodes) 3 or insulation layers 6 on the back 
surface (second major surface) opposite to the top surface (first major 
surface) , in which a conductive members 4 for connecting the top-surface 

20 electrodes 2 with the back-surface electrodes 3 or insulation layers 
6 are formed along the outer circumstance of the sides of the 
semiconductor chips 1, and a packaging board 10 for mounting this 
semiconductor chips 1. The semiconductor chips 1 are placed on the 
packaging board 10 at a predetermined angle such as a right angle to 

25 the packaging board 10, and the conductive members 4 of the 
semiconductor chips 1 are connected to the packaging board 10. 

In other words, in a semiconductor device comprising semiconductor 
chips 1 each having electrodes 2 and 3 on the top and back surfaces, 
respectively, in which the top-surface electrodes 2 are loop-connected 

30 with the back-surface electrodes 3 by wire bonding, wires 4 extended 
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to at least a side of the chips 1 (i.e., top-back connecting terminal 
or connecting material) are connected to the packaging board 10. 

By this, semiconductor chips 1 can be placed at a predetermined 
angle, such as a right angle, against the packaging board 10, and 
high-density packaging can be performed. 

Eighth Embodiment 

Fig. 15 is a sectional view showing a structure of a semiconductor 
device according to an Eighth Embodiment. A unit comprising a 
semiconductor chip 1, surface electrodes 2, insulation layer 6, and 
clip 5 is named as a semiconductor device unit in this embodiment. 

An element of the semiconductor device of this embodiment is the 
semiconductor device unit described referring to Fig. 3, in which 
conductive clips 5 clamping the top-surface electrodes 2 and the 
insulation layers 6 on the back surface are provided on one end of each 
of the semiconductor chips 1. Each of the semiconductor chips 1 has 
a conductive pattern 9 on the top surface, and are placed on a packaging 
board 10 perpendicularly to the packaging board 10, and the conductive 
clips 5 are electrically connected and fixed to the conductive patterns 
9 on the packaging board 10. 

In the semiconductor device according to this embodiment, 
semiconductor chips 1 have electrodes 2 and 3 on the top and back surfaces , 
respectively. These top-surface electrodes 2 and back-surface 
electrodes 3 are clamped by conductive clips 5, and the conductive clips 
5 are extended to at least a side of the chips 1 (i.e., top-back 
connecting terminal or connecting material) are connected and fixed 
to the packaging board 10. 

Alternatively, in the semiconductor device, the semiconductor 
chips 7 have top-surface electrodes 2 and insulation layers on the back 
surfaces which are clamped by conductive clips 5. he conductive clips 
5 are extended to at least a side of the chips 1 (i.e., top-back 
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connecting terminal or connecting material) are connected and fixed 
to the packaging board 10. 

By this, semiconductor chips 1 can be placed at a predetermined 
angle, such as a right angle, against the packaging board 10, and 
5 high-density packaging can be performed. 

Ninth Embodiment 

Fig. 16 is a sectional view showing a structure of a semiconductor 
device according to a Ninth Embodiment. A unit comprising a 
10 semiconductor chip 1, surface electrodes 2, insulation layer 6 and 
conductive material 8 is named as a semiconductor device unit in this 
embodiment . 

An element of the semiconductor device of this embodiment is the 
semiconductor device unit described referring to Fig. 5, in which 

15 conductive materials 8 formed over top-surface electrodes 2 and 
insulation layers 6 on the back surfaces are provided on one side of 
each of the semiconductor chips 7 . The semiconductor chips 7 are placed 
on a packaging board 10 perpendicularly to the packaging board 10 having 
conductive patterns 9 on the top surface, and the conductive materials 

20 8 are electrically connected to the conductive patterns 9 on the 
packaging board 10 using connecting members 9. 

In the semiconductor device according to this embodiment, 
semiconductor chips 1 have electrodes 2 and 3 formed on the top and 
back surfaces, respectively, these top-surface electrodes 2 and 

25 back-surface electrodes 3 are connected by injection-molded conductive 
materials 8, and the conductive materials 8 formed on at least a side 
of the chips 1 {i.e., top-back connecting terminal or connecting 
material) are connected to the packaging board 10. 

Alternatively, in the semiconductor device, the back surface of 

30 semiconductor chips 1 is insulation-treated, and top-surface 
electrodes 2 and insulation layers 6 on the back surfaces are connected 
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by injection-molded conductive materials 8, and the conductive 
materials 8 formed on at least a side of the chips 1 (i.e., top-back 
connecting terminal or connecting material) are connected to the 
packaging board 10. 
5 By this , semiconductor chips can be placed at a predetermined angle , 

such as a right angle , against the packaging board, and high-density 
packaging can be performed. 

Tenth Embodiment 

10 Figs, 17 and 18 are sectional views showing the structure of a 

semiconductor device according to a Tenth Embodiment. 

In Figs. 17 and 18, reference numeral 11 indicates conductive 
patterns, and 12 indicates insulators (spacers) on which the conductive 
patterns 11 are formed. 

15 The semiconductor device of this embodiment is constituted by 

alternately stacking at least two semiconductor chips 7 having 
top-surface electrodes 2 and insulation layers 6 formed on the back 
surface by insulation treatment, and at least two inverted-L-shaped 
insulators (spacers) 12 having conductive patterns 11 on the 

20 circumference thereof as Fig. 18 shows, and electrically connecting 
the conductive patterns 11 to the top-surface electrodes 2 on the 
semiconductor chips 7 . 

In the semiconductor device of this embodiment, a plurality of 
semiconductor chips 1 having electrodes 2 formed on the major surfaces, 

25 and a plurality of insulators (spacers) 12 having conductive patterns 
11 on the top surfaces are alternately stacked so that the electrodes 
2 of the semiconductor chips 1 are electrically connected with the 
conductive patterns 11 of the insulators (spacers) 12, and the 
conductive patterns 11 of the insulators (spacers) 12 adjacent to each 

30 other are placed so as to be electrically connected to each other. 
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The insulators (spacers) 12 have cavities for accommodating the 
end portions of the semiconductor chips 1, and are stacked so that the 
conductive patterns 11 of the insulators (spacers) 12 adjacent to each 
other are placed so as to be electrically connected to each other. 
5 In other words, the connection between electrodes of at least two 

stacked semiconductor chips is achieved by inserting insulators 12 
having conductive patterns (conductive wires) between the chips. 

According to this embodiment, the upper and lower semiconductor 
chips can be electrically connected by stacking the semiconductor chips 
10 of the same size, and a stacked semiconductor device can be produced. 

Eleventh Embodiment 

Figs. 19 and 20 are sectional views showing a structure of a 
semiconductor device according to an Eleventh Embodiment. 

15 In Figs. 19 and 20, reference numeral 11' indicates other 

conductive patterns, 12' indicates other insulators (spacers) on which 
the conductive patterns 11' are formed, 13 indicates still other 
conductive patterns, 14 indicates boards on which the conductive 
patterns 13 are formed. 

20 The semiconductor device of this embodiment is constituted by 

alternately imposing at least two semiconductor chips 7 having 
top-surface electrodes 2 and insulation layers 6 formed on the back 
surface by insulation treatment, and at least two insulators 12 7 having 
conductive patterns ll 7 formed on the circumference thereof, as Fig. 

25 20 shows. The top-surface electrodes 2 are connected with the 
conductive patterns 11' . Supporting board 14 having conductive 
patterns 13 are provided on the both side of the stacked structure. 
The conductive patterns 11' on the insulators 12' are connected with 
with conductive patterns 13 on the substrates 14. 

30 In the semiconductor device of this embodiment, a plurality of 

semiconductor chips 7 having electrodes 2 on the major surfaces, and 
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a plurality of insulators (spacers) 12' having conductive patterns 11' 

on the top surfaces are alternately stacked so that the electrodes 2 

of the semiconductor chips 7 are electrically connected with the 

conductive patterns 11' of the insulators 12' , and supporting boards 
5 14 having the conductive patterns 13 are placed so that the conductive 

patterns 13 of the substrate 14 make contact with the conductive 

patterns 11' of the insulators 12' . 

In other words, the connection between electrodes of at least two 

stacked semiconductor chips 7 is achieved by connecting conductive 
10 patterns 11' of insulators 12' inserted between the chips with 

conductive patterns 13 on the supporting boards 14 provided on the both 

sides of the chips 7. 

According to this embodiment, the upper and lower semiconductor 

chips can be electrically connected by stacking the semiconductor chips 
15 of the same size, and a stacked semiconductor device can be produced. 

The features and the advantages of the present invention as 
exemplified above may be summarized as follows. 

According to one aspect of the present invention, there is provided 

20 a semiconductor device comprising a semiconductor chip having 
electrodes formed on the top surface, and electrodes or an insulation 
layer on the back surface, in which the top-surface electrodes are 
loop-connected with the back-surface electrodes or insulation layer 
by wire bonding. Alternatively, there is provided a semiconductor 

25 device of which the top-surface electrodes are connected with the 
back-surface electrodes or insulation layer by conductive clips, or 
by deposited conductive materials. By this, even semiconductor chips 
or semiconductor device units of the same size can be stacked, and a 
densely packaged semiconductor device can be produced. 

30 According to another aspect of the present invention, there is 

provided a densely packaged stacked semiconductor device by stacking 
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semiconductor device units as stated above, and performing mutual 
electrical connection. 

According to another aspect of the present invention, there is 
provided a densely packaged stacked semiconductor device by mounting 
5 a plurality of semiconductor device units as stated above on a packaging 
board perpendicularly to the packaging board. 

According to still another aspect of the present invention, there 
is provided a densely packaged stacked semiconductor device by stacking 
a plurality of semiconductor chips and spacers having conductive wires 
10 on the surface, and establishing mutual connection between electrodes. 

Obviously many modifications and variations of the present 
invention are possible in the light of the above teachings- It is 
therefore to be understood that within the scope of the appended claims 
the invention may by practiced otherwise than as specifically 
15 described. 

The entire disclosure of a Japanese Patent Application No. 
2000-33790, filed on February 10, 2000 including specif ication, claims, 
drawings and summary, on which the Convention priority of the present 
application is based, are incorporated herein by reference in its 
20 entirety. 
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CLAIMS 

1. A semiconductor device comprising: 
a semiconductor chip; 

5 at least a first electrode formed on the first major surface of 

said semiconductor chip, 

at least a second electrode or an insulation layer formed on the 
second major surface opposite to said first major surface; and 

at least a conductive member for connecting said first electrode 
10 with said second electrode or said insulation layer, said conductive 
member being formed along the outer circumference of at least a side 
of said semiconductor chip. 

2. The semiconductor device according to claim 1, wherein each 
15 of said conductive members is comprised of a wire bonded to said first 

electrode and said second electrode. 

3. The semiconductor device according to claim 1, wherein each 
of said conductive members is comprised of a conductive clip holding 

20 said first electrode together with said second electrode or said 
insulation layer. 

4. The semiconductor device according to claim 1, wherein each 
of said conductive member is comprised of conductive layer formed on 

25 the surface of said semiconductor chip extending from said first 
electrode to said second electrode or said insulation layer. 

5. A semiconductor device comprising: 

a plurality of semiconductor device units, each of said 
30 semiconductor device units including: 
a semiconductor chip; 
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at least a first electrode formed on the first major surface 
of said semiconductor chip, 

at least a second electrode or an insulation layer formed on 
the second major surface opposite to said first major surface; and 
5 at least a conductive member for connecting said first electrode 

with said second electrode or said insulation layer, said conductive 
member being formed along the outer circumference of at least a side 
of said semiconductor chip; 

wherein said semiconductor device units are stacked each other, 
10 and said conductive members are connected to each other. 

6. The semiconductor device according to claim 2, wherein a first 
chip has a first conducting pattern extended from said first electrode, 
a second chip has a second conducting pattern extended from said second 

15 electrodes, and a bump is provided between said first conducting pattern 
and said second conducting pattern, which face to each other, for 
electrically connecting said two conducting patterns. 

7. The semiconductor device according to claim 5, wherein each 
20 of said conductive members is comprised of a wire bonded to said first 

electrode and said second electrode. 

8. The semiconductor device according to claim 5, wherein each 
of said conductive members is comprised of a conductive clip holding 

25 said first electrode together with said second electrode or said 
insulation layer. 

9. The semiconductor device according to claim 5, wherein each 
of said conductive member is comprised of conductive layer formed on 

30 the surface of said semiconductor chip extending from said first 
electrode to said second electrode or said insulation layer. 
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10. A semiconductor device comprising: 

a plurality of semiconductor device units, each of said 
semiconductor device units including: 
5 a semiconductor chip; 

at least a first electrode formed on the first major surface 
of said semiconductor chip, 

at least a second electrode or an insulation layer formed on 
the second major surface opposite to said first major surface; and 
10 at least a conductive member for connecting said first electrode 

with said second electrode or said insulation layer, said conductive 
member being formed along the outer circumference of at least a side 
of said semiconductor chip; 

a packaging board for mounting said plurality of semiconductor 
15 device units; 

wherein said semiconductor device units are placed on said 
packaging board so as to have a predetermined angle to said packaging 
board, and said conductive members of said semiconductor device units 
are connected to said packaging board. 

20 

11. The semiconductor device according to claim 10, wherein each 
of said conductive members is comprised of a wire bonded to said first 
electrode and said second electrode. 

25 12. The semiconductor device according to claim 10, wherein each 

of said conductive members is comprised of a conductive clip holding 
said first electrode together with said second electrode or said 
insulation layer. 

30 13. The semiconductor device according to claim 10, wherein each 

of said conductive member is comprised of conductive layer formed on 
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the surface of said semiconductor chip extending from said first 
electrode to said second electrode or said insulation layer. 

14. A semiconductor device comprising: 

a plurality of semiconductor chips each having electrodes formed 
on the major surface thereof, and 

a plurality of spacer members each having conductive pattern on 
the surface thereof; 

wherein said semiconductor chips and said spacer members are 
stacked alternately such that said electrodes of said semiconductor 
chips are electrically connected to said conductive patterns of said 
spacer members, and said conductive patterns of said spacer members 
are electrically connected to each other. 

15. The semiconductor device according to claim 14, wherein each 
of said spacer members has a cavity for accommodating the end portion 
of said semiconductor chip. 

16. The semiconductor device according to claim 14, further 
comprising supporting members having conductive patterns thereon, 
wherein said supporting members are placed so as to make said conductive 
patterns thereof contact with said conductive patterns of said 
plurality of spacer members. 
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Abstract of the Disclosure 

In a semiconductor chip having electrodes formed on the top surface, 
5 and electrodes or an insulation layer formed on the back surface, the 
top-surface electrodes are loop-connected with the back-surface 
electrodes by wire bonding, or, the top-surface electrodes are 
connected with the back-surface electrodes or an insulation layer by 
conductive clip, or by deposited conductive materials. The 

10 semiconductor chips thus produced are stacked, and wires, conductive 
clips, or conductive materials are connected and fixed to each other 
to produce a stacked semiconductor device in which semiconductor chips 
of the same size are densely packaged. Thus, a semiconductor device 
is provided which enables high-density packaging of semiconductor chips 

15 even of the same size. 
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Declaration and Power of Attorney For Patent Application 
Japanese Language Declaration 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated 
next to my name. 

I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled. 

SEMICONDUCTOR DEVICE HAVING 

DENSELY STACKED SEMICONDUCTOR 
CHIPS 



the specification of which is attached hereto unless the 
following box is checked: 

□ was filed on 

as United States Application Number or 
PCT International Application Number 

and was amended on 

(if applicable). 

I hereby state that I have reviewed and understand the 
contents of the above identified specification including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1.56. 
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Japanese Language Declaration 



l&iZ* 35 m 119 ^<a)-(d)^Xte 365 *(b)^fC»t? 
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Prior Foreign Application(s) 

tmxomfmm 

2000-033790 
(Number) 

(Number) 



Japan 



(Country) 

(51%) 



(Country) 

(S^) 



% 35 »KKfc4l 119 ^(e)^fCg^^TTfB<7>7feSl#|^ 

tnsastiBifes nitmi* z. z. \z$m^ l ^to 



I hereby claim foreign priority under Title 35, United States Code, 
Section 119(a)-(d) or 365(b) of any foreign application® for patent 
or inventor's certificate, or Section 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Not Claimed 

10 / February / 2000 



(Day/Month/Year Filed) 

B) 

(Day/Month/Year Filed) 

{mm*£R s) 



□ 



□ 



I hereby claim the benefit under Title 35, United Slates Code, 
Section 119(e) of any United States provisional application^) listed 
below. 



(Application No.) (Filing Date) 

(HM##> (MSB) 

Tm<D^mmmm 35 m 120 &££^TTiacD*ra# 
tmmimmztLfzmm, ximm^m^vx^^wwm^m 

$tmw<nftm&*mmkm 35 m 112 1 mximm&ti&m 

mm 37 m 1 & 56 ^x^m^ntzmm^<D^m\zmt^mMu 
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(Application No) (Filing Date) 

(£Mi#^> (ffiHH) 

I hereby claim the benefit under Title 35, United States Code, Section 
120 of any United States application®, or Section 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph 
of Title 35, United States Code Section 112, 1 acknowledge the duty 
to disclose information which is material to patentability as denned in 
Title 37, Code of Federal Regulations, Section 1.56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 



(Application No.) (Filing Date) 



(Application No.) (Filing Date) 

<adit#^) (mite) 

M^T& *) , iFo%$> « tW>e>m \z&zl< 

mmtf£xnmx& ztmcx^zct, zzizi&mizteznit 
mmmm&zs^ntmmo)ft&\%%mimm ismm 1001 &\z 

x^xz. Z.lZ±M<n z:t < ^M^L^o 



(Status: Patented, Pending, Abandoned) 



(Status: Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
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: &\*Tm<D&mmZ: IT, ^m\z^^-m<omm POWER OF ATTORNEY: As a named inventor, I hereby appoint 

%&M&&mWimz1ti\sXMff1r&ftm±&ft\$VmAtbT* the Mowing attorney(s) and/or agent(s) to prosecute this 

Tmi&^&tB&^fz application and transact all business in the Patent and Trademark 

(#W±, S fcfif^SIA(Z)fiiSS:^»##€^sB©C: t) Office connected therewith: (list name and registration number) 

Edward A. Becker, Reg. No. 37,777; Stephen A. Becker, Reg. No. 26,527; John G. Bisbikis, Reg. No. 37,095; Daniel Bucca, Reg. No. 
42,368; Kenneth L. Cage, Reg. No. 26,151; Stephen C. Carlson, Reg. No. 39,929; Paul Devinsky, Reg. No, 28,553; Laura A. Donnelly, 
Reg. No. 38,435; Margaret IVLDuncan, Reg. No. 30,879; Brian E. Ferguson, Reg. No. 36,801; Michael F. Fogarty, Reg. No. 36,139; 
Wilhelm F. Gadiano, Reg. No. 37,136; Keith E. George, Reg. No. 34,111; John A. Hankins, Reg. No. 32,029; Thomas A. Jolly, Reg. 
No.39,241; Eric J. Kraus, Reg. No. 36,190; Edward E. Kubasiewicz, Reg. No. 30,020; Patrick B. Law, Reg. No. 41,549; Robert E. 
LeBlanc, Reg. No. 17,219; Jack Q. Lever, Reg. No. 28,149; Raphael V. Lupo, Reg. No. 28,363; Christine F. Martin, Reg. No. 
39,762; Michael E. McCabe, Jr., Reg. No. 37,182; James H. Meadows, Reg, No. 33,965; Michael A. Messina, Reg. No. 33,424; Eugene 
J. Molinelli, Reg. No. 42,901; Joseph H. Paquin, Jr., Reg. No.31,647; Craig L. Plastrik, Reg. No. 41,254; Robert L. Price, Reg. 
No. 22,685; Paul A Roberts, Reg. No. 40,289; Gene Z. Rubinson, Reg. No. 33,351; Joy Ann G. Serauskas, Reg. No. 27,952; Michele 
M. Schafer, Reg. No. 34,717; David J. Serbin, Reg. No. 30,589; Glenn Snyder, Reg. No. 41,428; Arthur J. Steiner, Reg. No. 26,106; 
David L. Stewart, Reg. No. 37,578; Leonid D. Thenor, Reg. No. 39,397; Keith J. Townsend, Reg. No. 40,358; Leon R. Turkevich, Reg. 
No. 34,035; Christopher D. Ward, Reg. No. 41,367; Damian G. Wasserbauer, Reg. No. 34,749; Aaron Weisstuch, Reg. No. 41,557; 
Edward J. Wise, Reg. No. 34,523; Alexander V. Yampolsky, Reg. No. 36,324; and Robert W. Zelnick, Reg. No. 36,976 

Send Correspondence to: 

McDermott, Will & Emery 
600 13th Street, N.W. 
Washington, D.C. 20005-3096 

&&n^M%&9G : (%W!RZfinM%F^) Direct Telephone Calls to: (name and telephone number) 

Stephen A. Becker 
(202) 756-8608 
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